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US 6395546 Bl 20020528 US 2000-490569 . 20000201 

PRIORITY APPLN. INFO.: US 2000-490569 A 20000201 

AB The present invention relates to methods for generating 

dopaminergic neurons in vitro from embryonic and adult 

central nervous system cells. Specifically, 

these cells are isolated, cultured in vitro and stimulated to 
differentiate into dopaminergic neurons by 

down-regulating COUP-TFI and/or COUP-TFII expression or increasing NOT1 
expression. These newly generated dopaminergic neurons may 
serve as an excellent source for cell replacement therapy in neurol . 
disorders in which the dopaminergic system is compromised. 
REFERENCE COUNT: 4 THERE ARE 4 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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WO 00/29550 , PCT/US99/27613 



LOW OXYGEN CULTURING OF CENTRAL NERVOUS SYSTEM 

PROGENITOR CELLS 

RELATED APPLICATIONS 

The present application is a continuation-in-part of U.S. Application number 
5 09/195,569 filed November 18, 1998. The entire text of the above referenced 

application is incorporated herein by reference without prejudice or disclaimer. 

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 

The U.S. Government may have rights in the present invention pursuant to the 
terms of grant numbers AR40780-8 and AR42671-05 awarded by the National 
10 Institutes of Health and DARPA7AFOSR grant number F49620-98-1-0487. 

FIELD OF THE INVENTION 

The present invention relates to the growth of cells in culture. More 
particularly, the present invention provides methods and compositions for increasing 
cell survival, cell proliferation and/or cell differentiation along specific pathways by 
15 growing the cells in low ambient oxygen conditions. 

BACKGROUND OF THE INVENTION 

In a time of critical shortages of donor organs, efforts to bring cellular 
transplantation into the clinical arena are urgently needed (Neelakanta & Csete, 
1996). Indeed, cellular and tissue transplantation is now well recognized as a 

20 desirable technique for the therapeutic intervention of a variety of disorders including 

cystic fibrosis (lungs), kidney failure, degenerative heart diseases and 
neurodegenerative disease. However, although this may be a desirable and much 
needed intervention, a major impediment to this type of therapeutic intervention is the 
lack of an available supply of viable, differentiated cells. Generally differentiated 

25 cells cannot be readily expanded in culture. Thus, methods of increasing the number 

and/or availability of differentiated, viable cells are needed. 

The central nervous system (CNS) (brain and spinal cord) has poor 
regenerative capacity which is exemplified in a number of neurodegenerative 
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Low oxygen culturing of neural crest stem cells 

Ceste, Marie; Doyle, John; Wold, Barbara J.; Morrison, 
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PCT Int. Appl . , 107 pp. 
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US 1999-425462 A 19991022 
WO 1999-US27532 W 19991118 
AB The present invention relates to the growth of cells in culture under 
conditions that promote cell survival, proliferation, and/or cellular 
differentiation. The present inventors have found that 

proliferation was promoted and apoptosis reduced when cells were grown in 
lowered oxygen as compared to environmental oxygen conditions 
traditionally employed in cell culture techniques. Further, the inventors 
found that differentiation of precursor cells to specific fates 
also was enhanced in lowered oxygen where a much greater no. and fraction 
of dopaminergic neurons were obtained when mesencephalic 
precursors were expanded and differentiated in lowered oxygen 
conditions. Thus at more physiol. oxygen levels the proliferation and 
differentiation of CNS precursors is enhanced, and 

lowered oxygen is a useful adjunct for ex vivo generation of specific 
neuron types. Methods and compns . exploiting these findings are 
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TITLE: Transplantation of expanded mesencephalic precursors 

leads to recovery in parkinsonian rats 

AUTHOR(S): Studer, Lorenz; Tabar, Viviane; McKay, Ron D. G. 

CORPORATE SOURCE: Laboratory of Molecular Biology, NINDS, NIH, Bethesda, 

MD, 20892, USA 

SOURCE: Nature Neuroscience (1998), 1(4), 290-295 

CODEN: NANEFN; ISSN: 1097-6256 
PUBLISHER: Nature America 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB In vitro expansion of central nervous system 

(CNS) precursors might overcome the limited availability of 
dopaminergic neurons in transplantation for Parkinson's disease, 
but generating dopaminergic neurons from in vitro dividing 
precursors has proven difficult. Here a three-dimensional cell 
differentiation system was used to convert precursor cells derived 
from E12 rat ventral mesencephalon into dopaminergic neurons. 
We demonstrate that CNS precursor cell populations expanded in 
vitro can efficiently differentiate into dopaminergic 
neurons, survive intrastriatal transplantation and induce functional 
recovery in hemiparkinsonian rats. The numerical expansion of primary 
CNS precursor cells is a new approach that could improve both the 
ethical and the tech. outlook for the use of human fetal tissue in clin. 
transplantation . 

REFERENCE COUNT: 45 THERE ARE 45 CITED REFERENCES AVAILABLE FOR. THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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TITLE: Transplantation of expanded mesencephalic precursors leads 

to recovery in parkinsonian rats. 
AUTHOR (S) : Studer, Lorenz; Tabar, Viviane; McKay, Ron D. G. (1) 

CORPORATE SOURCE: (1) Laboratory of Molecular Biology, NINDS , NIH, 36 Convent 

Drive, Building 36, Room 5A29, Bethesda, MD, 20892 USA 
SOURCE: Nature Neuroscience, (July, 1998) Vol. 1, No. 3, pp. 

290-295. 

ISSN: 1097-6256. 
DOCUMENT TYPE: Article 
LANGUAGE : Engl ish 

AB In vitro expansion of central nervous system 

(CNS) precursors might overcome the limited availability of 
dopaminergic neurons in transplantation for Parkinson's disease, 
but generating dopaminergic neurons from in vitro dividing 
precursors has proven difficult. Here a three-dimensional cell 
differentiation system was used to convert precursor cells derived 
from E12 rat ventral mesencephalon into dopaminergic neurons. We 
demonstrate that CNS precursor cell populations expanded in 
vitro can efficiently differentiate into dopaminergic 
neurons, survive intrastriatal transplantation and induce functional 
recovery in hemiparkinsonian rats. The numerical expansion of primary 
CNS precursor cells is a new approach that could improve both the 
ethical and the technical outlook for the use of human fetal tissue in 
clinical transplantation . 
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TITLE: Involvement of protease-activated receptor- 1 in the in 
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AUTHOR (S) : Debeir, Th. ; Benavides, J.; Vige, X. 

CORPORATE SOURCE: Synthelabo Recherche CNS Research Department, Bagneux, 

92225, Fr. 

SOURCE: Neuroscience (Oxford) (1997), Volume Date 1998, 82(3), 

739-752 
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PUBLISHER: Elsevier Science Ltd. 

DOCUMENT TYPE: Journal 
LANGUAGE : Engl i sh 

AB In situ hybridization studies have revealed high levels of protease 
(thrombin) -activated receptor-1 mRNA in the mesencephalon of rats, 
suggesting that dopaminergic neurons are a target for thrombin's 
actions. We have evaluated the effect of thrombin receptor activation, 
either by thrombin or by thrombin receptor agonist peptide, a 14 amino 
acid agonist of protease-activated receptor-1, on tyrosine 
hydroxylase-pos . neurons. Pure cultures of rat mesencephalic neurons or 
co-cultures of mesencephalic neurons and glial cells were treated with 
either thrombin or thrombin receptor agonist peptide the day after 
plating. Tyrosine hydroxylase-pos. cell counting, [3H] dopamine uptake and 
morphometric anal, were performed on day 5. Thrombin and thrombin 
receptor agonist peptide influenced neurite elongation, branching and the 
no. of primary, secondary and tertiary neurites of tyrosine 
hydroxylase-pos. neurons. In pure cultures, the most significant effects 
of thrombin and thrombin receptor agonist peptide were to delay branching 
and to increase the centrifugal growth of neurites without affecting the 
total neurit ic length. Thrombin (up to 10 nM) and thrombin receptor 
agonist peptide did not affect the no. of tyrosine hydroxylase-pos. 
neurons or [3H] dopamine uptake. Neurotrophin-4 also influenced the 
morphol . of tyrosine hydroxylase-pos. neurons. The increase of neuritic 
length initiated by this neurotrophin is complementary to the radial 
elongation induced by protease-activated receptor-1 activation. When 
neurons were cultured in the presence of glial cells, the effects of 
thrombin and thrombin receptor agonist peptide on most of these parameters 
were larger than those obsd. with pure cultures. Thus, thrombin is able 
to initiate a complex remodeling of the architecture of tyrosine 
hydroxylase- 
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Sotiria Hospital, Athens, Greece 
SOURCE: Neurologia Psichiatria Scienze Umane, (1997) 17/4 
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RefS: 4 
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COUNTRY: Italy 

DOCUMENT TYPE: Journal; General Review 

FILE SEGMENT: 008 Neurology and Neurosurgery 

030 Pharmacology 

037 Drug Literature Index 

LANGUAGE: English 
SUMMARY LANGUAGE: English; Italian 

AB Neurotrophic factors (NTFs) , necessary for the maintenance of structural 
integrity and the regulation of plasticity of the adult brain, may become 
involved at diverse levels during neurodegeneration. The phenotypes of 
many neurodegenerative diseases, including Amyotrophic Lateral Sclerosis 
(ALS) , Alzheimer disease (AD) , and Parkinson disease (PD) are determined 
by the vulnerability of specific populations of neurons in the 
central nervous system (CNS) . The 

concept that NTFs may become useful to treat neurodegeneration was based 
on the hypothesis that reduced availability of target -derived neurotrophic 
factors may lead to the loss of the innervating neuronal populations and 
that NTFs would act to prevent neuronal dysfunction and death of these 
neurons selectively degenerated. NGF has been proposed as therapeutic 
treatment for AD, a disease characterized by the loss of cholinergic 
neurons, because NGF acts in a trophic way on these cells. Concerning 
Parkinson disease, bFGF, Insulin-like Growth Factor-1/2 (IGF1/IGF- 2) , 
Epidermal Growth Factor (EGF) , Transforming Growth Factor alfa (TGF- alfa) 
and BDNF are factors able to promote differentiation of the 
mesencephalic dopaminergic neurons. In ALS Ciliary Neurotrophic 
Factor (CNTF) , Neurotrophins 4/5 (NT 4/5) and Glial Cell Line Derived 
Neurotrophic Factor (GDNF) have been shown to have trophic effects on the 
motor neurons . 
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DOCUMENT TYPE: Article 
LANGUAGE : English 

AB Many studies have used the intracerebral transplantation technique to 
study the neostriatum. Most of this work has been conducted in two 
well -characterized animal models of striatal dysfunction: the rat model of 
Huntington's disease (striatal damage) and the rat model of Parkinson's 
disease (damage of dopaminergic nigrostriatal afferents) . In 
animals with striatal damage, fetal striatal tissue implanted into the 
neostriatum (homotypic transplants) displays a remarkable anatomical and 
functional incorporation into the host brain. These homotypic grafts also 
induce a wide range of behavioral improvements in experimental animals. In 
contrast, fetal substantia nigra neurons implanted into the 
dopamine-depleted neostriatum (heterotypic transplants) generally show a 
more restricted integration into the host brain and elicit fewer 
behavioral improvements. Nonetheless, the ability of grafted fetal neurons 
to survive, differentiate, and partially reconstruct an 

appropriate and functional neurocircuitry with host systems indicates that 
there are factors within the adult brain that promote neuronal development 
and regeneration. Such results have encouraged the clinical use of 
intracerebral grafts for the treatment of Parkinson's disease. Recent 
studies have emphasized the use of genetically modified cells and neural 
cell lines as alternative populations to study and repair the 
central nervous system- 
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TITLE: The response of human and rat fetal ventral mesencephalon 

in culture to the brain-derived neurotrophic factor 
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AUTHOR(S): Zhou, Jiawei (1); Bradford, Henry F.; Stern, Gerald M. 

CORPORATE SOURCE: (1) Dep. Biochem. , Imperial Coll. Sci. Technol . and Med., 

Imperial College Road, London SW7 2 AY UK 
SOURCE: Brain Research, (1994) Vol. 656, No. 1, pp. 147-156. 
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DOCUMENT TYPE: Article 
LANGUAGE: English 

AB Brain-derived neurotrophic factor (BDNF) has been shown to increase the 
survival of dopaminergic neurons in rodent mesencephalic 
cultures. The mRNAs of BDNF and trk B receptor have been found to be 
expressed in the substantia nigra of rat. In this study, the action of 
BDNF was studied on the survival and transmitter-specific 
differentiation of dopaminergic neurons of fetal human 
CNS aged 9- 10 -week in vitro. Dopaminergic neuron 

viability and "phenotypic expression were monitored by tyrosine hydroxylase 
(TH) immunohistochemistry and measurement of dopamine (DA) content with 
HPLC, respectively. After seven days of treatment with BDNF there were 
2.2-fold greater number of TH+ neurons surviving than in untreated 
cultures. Although very low levels of DA were detectable in human tissue, 
considerable amounts of DA was found in the culture medium from around 13 
days in vitro (DIV) , indicating that DA in human fetal tissue tended to be 
synthesized and released into the incubation medium more readily than from 
cultured rat fetal tissue during the same period. The content of DA in the 
BDNF-treated cultures was approximately double that of untreated cultures 
after 7 days. In rat fetal tissue, the capacity of each TH+ neuron to 
produce DA was not changed in the BDNF-treated cultures (7 DIV) compared 
with control cultures, suggesting that BDNF does not up-regulate the 
production of DA but rather acts to reduce cell death rates. Ciliary 
neurotrophic factor (CNTF) treatment of rat mesencephalic culture failed 
to improve the period of survival of fetal dopaminergic neurons 
and had no effect on the production of DA in cultures. Taken together, our 
results suggest that BDNF has potent trophic effect on both rat and human 
fetal mesencephalic dopaminergic neurons in culture and has a 
potential application in the treatment of Parkinson's disease. 
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IGF-I supports the survival and/or differentiation of 
multiple types of central nervous system neurons 
Bozyczko- Coyne, Donna; Glicksman, Marcie A. ; Prantner, 
J. Eric; McKenna, Beth; Connors, Tom; Friedman, 
Connie; Dasgupta, Malini; Neff, Nicola T. 
Cephalon, Inc., West Chester, PA, 19380, USA 
Annals of the New York Academy of Sciences (1993) , 
692 (Role of Insulin-like Growth Factors in the Nervous 
System) , 311-13 

CODEN: ANYAA9; ISSN: 0077-8923 
Journal 
Engl ish 

To identify addnl . cellular targets of IGF-I in the CNS and to 
more fully characterize its potential survival and differentiation 
activities, IGF-I effects on a variety of neurons derived from the 
CNS were examd. IGF-I was shown to promote survival of primary 
cultured embryonic brain neurons. In addn., results suggest that IGDF-I 
promotes the rate of differentiation and/or the survival of 
cholinergic and dopaminergic neurons. IGF-I might also act on 
these neuronal populations to recruit addnl. neurons to a cholinergic of 
dopaminergic phenotype via phenotypic switching. 
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DOPAMINERGIC NEURONS FROM EMBRYONIC MOUSE MESENCEPHALON ARE 
ENRICHED IN CULTURE THROUGH IMMUNOREACTI ON WITH MONOCLONAL 
ANTIBODY TO NEURAL SPECIFIC PROTEIN 4 AND FLOW CYTOMETRY. 
DI PORZIO U; ROUGON G; NOVOTNY E A; BARKER J L 
SOURCE: LAB. NEUROPHYSIOL . , NATL. INST. NEUROL. COMMUNICATIVE 

DISORD. STROKE, NATL. INST. HEALTH, BETHESDA, MD. 2 08 92, 
USA. 

PROC NATL ACAD SCI USA, (1987) 84 (20), 7334-7338. 
CODEN: P NASA 6 . ISSN: 0027-8424. 
BA; OLD 
English 

Dopaminergic neurons represent a rare neurotransmitter phenotype 
within the mammalian central nervous system. 
The mesencephalic dopaminergic neurons form the ascending 
dopaminergic pathways in mammals and are involved in motor and 
limbic functions. Here we report that about 30% of all developing mouse 
mesencephalic cells, including virtually all of the dopaminergic 
phenotype, express surface membrane determinant (s) recognized by a 
monoclonal antibody to neural specific protein 4 (NSP4) . We have been 
able to isolate and culture neurons from the mesencephalon according to 
their expression of NSP4, using the anti-NSP4 immunoreaction in 
conjunction with fluorescence-activated cell sorting. Cultures of 
NSP4+-sorted cells showed a significant enrichment in three 
morphologically distinct putative dopaminergic phenotypes when 
compared to unsorted mesencephalic cultures, whereas the cultures of 
NSP4-- sorted cells were virtually devoid of dopaminergic 
neurons. This flow cytometric enrichment in dopaminergic 
neurons should provide the necessary cells for multidisciplinary study of 
dopaminergic phenotype differentiation. 
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Transplantation of expanded mesencephalic precursors leads 
to recovery in parkinsonian rats. 
Studer, Lorenz; Tabar, Viviane; McKay, Ron D. G. 
(1) 

(1) Laboratory of Molecular Biology, NINDS, NIH, 36 Convent 
Drive, Building 36, Room 5A29, Bethesda, MD, 20892 USA 
Nature Neuroscience, (July, 1998) Vol. 1, No. 3, pp. 
290-295. 

ISSN: 1097-6256. 
Article 
English 

In vitro expansion of central nervous system (CNS) precursors might 
overcome the limited availability of dopaminergic neurons in 
transplantation for Parkinson's disease, but generating dopaminergic 
neurons from in vitro dividing precursors has proven difficult. 
Here a three-dimensional cell differentiation system was used to convert 
precursor cells derived from E12 rat ventral mesencephalon into 
dopaminergic neurons- We demonstrate that CNS precursor cell 
populations expanded in vitro can efficiently differentiate into 
dopaminergic neurons, survive intrastriatal transplantation and 
induce functional recovery in hemiparkinsonian rats. The numerical 
expansion of primary CNS precursor cells is a new approach that could 
improve both the ethical and the technical outlook for the use of human 
fetal tissue in clinical transplantat i 
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AUTHOR (S) : Studer, L.; Psylla, M. ; Buehler, B. ; Evtouchenko, 
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C. (1) 
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AB The low availability of dopamine containing neurons for grafting 

in Parkinson's disease is a general problem. Free-floating roller tube 
(FFRT) cultures allow storage of fetal mesencephalic tissue prior to 
transplantation. Preoperative functional testing permits to select an 
optimized set of individual cultures for transplantation. Rat fetal 
ventral mesencephali (E13) were dissected out and divided into four 
equally sized pieces each and individually prepared as FFRT cultures. 
After 4, 8, 12, and 16 days in vitro (DIV) the medium of each culture was 
collected during routine medium change and immediately stabilized. 
Dopamine was extracted and probes were determined with reversed phase HPLC 
using electrochemical detection. After 16 DIV cultures were fixed and cell 
counts performed in tyrosine hydroxylase (TH) -immunostained serial 
sections. The mean dopamine content +- SEM in culture conditioned media 
was at 4 DIV: 21 +- 2 pg, n = 38/ at 8 DIV: 37 + - 4 pg, n = 40; at 12 DIV: 
52 +- 7 pg, n = 38; and at 16 DIV: 39 +- 5 pg, n = 38 . In all cultures 
devoid of dopamine after 4 and 8 DIV (12.5%) levels remained below 
detectability at 12 and 16 DIV. Cultures derived from the rostral 
mesencephalon showed significantly higher dopamine values than those from 
the caudal mesencephalon at 12 DIV. The mean number of TH-immunoreactive 
(-ir) cells/culture +- SEM after 16 DIV was 556 +- 51, n = 40. The 
correlation between TH-ir cell number (CN) and dopamine content of 
rostrally derived cultures at 16 DIV was: CN = 7.4 (dopamine (pg) ) + 248; 
R = 0 . 75 ; n = 19 ; p It 0.001. No dopamine was present in cultures without 
TH-ir cells. These results demonstrate that sequential noninvasive 
screening of dopamine in single cultures is feasible and that the dopamine 
content is correlated to the number of surviving TH-ir cells. This permits 
to select cultures rich in dopaminergic neurons for 
transplantation . 
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AB Brain-derived neurotrophic factor" (BDNF) has been shown to promote the 
survival of cultured fetal mesencephalic dopaminergic neurons of 
rat and human origin. In the present study, BDNF was tested for its 
ability to .influence neuronal structure of dopaminergic 
neurons in dissociated cultures of human fetal ventral 

mesencephalon after 7 days in vitro. Following immunocytochemical staining 
for tyrosine hydroxylase, all surviving dopaminergic neurons 
were counted. Computer-assisted three-dimensional reconstructions of 
uniform randomly selected neurons cultured with 50 ng/ml BDNF 
(n=12 0) or without BDNF (n=80) were made. BDNF increased the number of 
surviving human dopaminergic neurons by 76%. Mean soma profile 
area was significantly enlarged by 18% in BDNF-treated neurons 
as compared to controls. Analysis of parameters of neuritic size and 
complexity in these cultures revealed that combined neuritic length, 
combined neuritic volume, and neuritic field area were increased by 60%, 
125% and 129%, respectively, and the mean number of segments per cell was 
increased by 41%. A change in neurite complexity in BDNF-treated cultures 
was further confirmed by the Sholl's concentric sphere analysis. These 
results demonstrate that BDNF promotes development and differentiation of 
human fetal dopaminergic neurons in vitro. 



